Abstract-This paper provides a comprehensive analysis of how customers and other stakeholders can be involved in value co-creation activities in a collaborative Product-Service System (PSS) design and engineering process, and which of the existing engagement methods in the body of knowledge can be adopted in order to achieve their active participation in value co-creation. Furthermore, the paper aims to contribute to the evolution of PSS design and engineering approaches from customer-centric ones to a stakeholder centric co-creation perspective.
INTRODUCTION
Recently, lot of manufacturing companies facing commoditization of offering and intense competition have been attracted by the possibility to differentiate themselves from competitors by introducing product related services in their traditional portfolio [1] . This change in their offering is due to the modification of the customers' behaviors and their increasing interest in companies' services [2] [3] .
As a result, manufacturers are changing their business models by delivering Product-Service System (PSS) through incorporating service related activities in their value proposition. This transition from a 'product-based' to a 'service-based' business model, defined as servitization of business [4] , allowed companies in focusing on higher-margin services integrated to products and, hence, to create superior competitive advantage [5] [6] [7] .
However, it is well documented that in such a continuum of servitization, a profitable transition towards an enlarged and integrated product-service(s) value proposition, can only happen if supported by proper methods and tools for its design, implementation and management [8] [9] . In fact, if compared with physical product design, PSS design concerns more about value-in-use [10] . Moreover, the transition from being merely 'transaction-focused' to a 'relationship-orientated' company, requires approaches that consider both the 'customer' and 'supplier' interfaces with deep co-engagement from design and development to end-use [11] since how the customers and all the stakeholders serve themselves and interact along the solution lifecycle is a key issue [1] [12] .
Moreover, in addition to this trend, in today's global economy, no company can be considered as local. In this new economic model, all individuals, companies and societies are all networked. To play their role as active actors, companies must adopt co-innovation and co-design models and methods where internal and external stakeholders' co-creative ideas that can converge to co-create value [12] .
Therefore, the evolution in the today's context towards a "service-based business model" creates a strong need for methods and tools to handle and support the co-engineering of integrated solutions by better engaging customers and all stakeholders in the value creation and engineering process.
With the scope of overcoming the absence of a PSS Engineering methodology, varied methodologies have been proposed in literature [13] [25] . While only recently some effort has been done in the direction of the definition of a design methodology for PSS customization [26] . However, no methodologies have investigated the role of customers and stakeholders (internal and external) involvement along the PSS Engineering process. In addition, most of the above-mentioned methods lack in proposing specific methods and methodologies along the design process, which support the detailed integration of the product and service features.
To overcome those gaps, the Product-Service System Lean Design Methodology (PSSLDM) and the DIVERSITY engineering platform have been developed [27] .
The DIVERSITY platform is a new cloud-based concurrent engineering environment for PSS design supporting companies in managing multi-directional exchange of knowledge and dynamic and real-time feedback loops both internally and across the PSS value chain towards knowledge transformation into PSS functionalities [27] [29] .
The aim of both (methodology and platform) is to develop a comprehensive approach that, starting from the customers' needs and a continuous feedback collection from customers and all the stakeholders, allows the collaborative design of product and service features in an integrated way. In this sense, it becomes essential to identify how to enhance customer and stakeholder co-creation of value, since the early phase of the design.
The purpose of this paper is to extend the previous research of [28] . The aim is to provide a comprehensive analysis of how the customers can be involved and which of the existing customer engagement methods can be adopted by investigating how PSSLDM can really support a 'value co-creation' design process by means of the key dimensions of the service system. In this sense, the research focuses on providing a clear understanding of how to manage properly the stakeholders' involvement without increasing the complexity of the PSS design process: when and who must be included in the PSS design discussion and how the stakeholder must be included.
In this paper, it is posited that we first investigate the role of both customer and stakeholder in the value co-creation process by looking at the role customer can play during the value cocreation process [29] and how and which stakeholders can be involved. The aim is to move the PSSLDM from a 'customercentric' to a 'stakeholder centric co-creation perspective'. Then, by means of the key dimensions of the service-system how to enhance value co-creation along the PSSLDM design phases is investigated.
In Section 2, we introduce the state of the art in PSS design and Service Engineering discipline and a deep explanation on the PSSLDM. In Section 3, the literature in the area of value co-creation is analyzed, the various roles the customers and stakeholders can play during the value co-creation process and the key dimensions affecting the value process are illustrated. In Section 4, how customers' and stakeholders' co-creation aspects can be taken into consideration along the PSSLDM are presented. In Section 5, conclusions are reported.
II. PSS DESIGN AND SERVICE ENGINEERING
The need of methodologies in the area of PSS design is increasingly being recognized by industry to support the coherent design of the elements constituting the PSS. This is one of the main motivations behind the continuous growth of research aiming at creating PSS Design methodologies.
By analyzing the most recent works [19] [35] in the area of PSS design and SE some major gaps can be highlighted:
• Most of the methodologies discuss how to properly integrate products and services; however, no practical indications are provided.
• The importance of the value co-creation is only mentioned in the methodologies; however, no clear instructions are provided to the customers and stakeholders in how to engage in the co-design of a PSS offering.
In fact, if we analyze the methodologies and the related methods used in PSS design and SE, we can identify a plethora of methods, which have been used by many authors with different aims and scopes. Recently, some attempts have been done in linking the co-creation process to the PSS design [36] ; however, no clear customer and stakeholder rules along the different PSS design phases have been defined. Among the different methodologies available in literature in the last few years, the SErvice Engineering Methodology (SEEM) [18] has been developed with the aim to consider from the beginning the customer needs without leaving behind the performance of a company. One of the main gap of this methodology is its service orientation. For this reason, it has been extended and the PSS Lean Design Methodology (PSSLDM) has been developed to overcome such limitation. One of the aim of the PSSLDM is to support the collaborative design of the PSS.
In addition, the need to approach collaboration aspects within a PSS design methodology is related to the intrinsic characteristics of the PSS. In fact, when we refer to a PSS, we normally refer to a solution that a customer/user receives as a result of multiple co-productions activities performed by a network of actors who interrelate to co-create value [37] [38].
For this reason, by means of the key factors of the service system's value co-creation process [38] , guidelines supporting the collaborative co-creation of value along all the PSSLDM phases has been analyzed.
Within the aim of this paper, the PSSLDM development process model and related methods will be adopted in order to analyze how the customers can be involved, how co-creation aspects can be pushed along the different phases to enhance customer and stakeholder engagement. For this purpose, the PSSLDM methodology is briefly explained in the following section. In detail, the PSS Lean Design Methodology (PSSLDM) consists of four phases equally divided into customer-related (the first and the last one) and company-related (the second and the third one). Starting from the monitoring of the KPIs and customer sentiment of the company's offering, the PSSLDM uses the customers' opinion and feedback analysis to identify customer needs (phase 1: Customer Analysis). Then, from the customer needs analysis, the conceptualization of the new PSS (phase 2: Solution Concept Design) takes place, which once assessed, is translated into the design of an integrated PSS (phase 3: Solution Final Design). In this phase, the Lean Design rules are used to support the knowledge management and the integrated design of both service and product features. Finally, the PSS is launched on the market and its performance are monitored in order to identify new possible PSS improvements and new PSS opportunities (phase 4: Offering Analysis). All along the PSS design process a list of Development Process Rules, representing indications to be followed by the design team during the project to reduce the wastes in which they can incur are adopted.
A. PSS Lean Design Methodology
In Table I , a list of the different methods adopted and developed along the different phases is reported. [41] In particular, this step-by-step methodology has been developed to support company managers to: i) guide the identification of customer needs starting from a systematic analysis of data and feedback, ii) identify possible PSSs fulfilling such needs, iii) support the knowledge management among company function to enhance a product design enabling service features, iv) (re)-engineer the service delivery process providing a useful support while making decision, and v) identify proper measures to be used to collect feedback along all the PSS lifecycle.
Even if the methodology deeply considers the customer and aims at balancing customer needs with the company ones at each stage of development, as all the methodologies generated in this context, the customer is involved only in a passive way and the role of the stakeholders in the value creation process is not clearly stated.
III. THE ROLE OF THE CUSTOMER AND STAKEHOLDERS IN VALUE CO-CREATION PROCESS
Nowadays, consumer product development is considered a major activity involving both users acting as a single consumer and in collaborative groups [42] . However, traditionally researchers on the topic of PSS and SE have conceived new design as a producer-centered process similar to the traditional development of pure product [43] . This is in contrast with the idea that in PSS contexts the value creation is co-creational and value chain actors and customers are always co-creators of value [44] . This interpretation of value and its foundation have been underlined in the literature through the concept of the Service-Dominant Logic (SDL). According to this perspective, the customer is always a co-producer of value, since he or she creates and exchanges knowledge and other resources, and this influences the success of a service and therefore of the value proposition behind it [45] .
One of the main authors in this field [46] [44] underlines that management literature uses the term co-creation to emphasize that ''producers'' need to identify a specific "positive" role for customers to jointly create value (Joint Production Process) along the value creation process, however this is not always the case. In many situations, value can also emerge from customers' experience (Joint Customer's Value Creation Process) and sometimes the value created can also result in negative impacts. Analyzing the value co-creation literature, distinct and unique forms of co-creation have been defined. In particular, mainly based on works proposed by Agrawal & Rahman [29] and Romero & Molina, [47] , seven roles of customer to enhance the value co-creation can be identified [28] and are summarized in Table II. However, the vertical co-creation, based on the relationship between providers and customers, is not the only value co-creation form; horizontal co-creation also exists, where the relation is enlarged to all the value co-creation stakeholders [48] along the PSS design process.
As highlighted by many researchers, the value co-creation process must be extended at the level of stakeholder relationship [49] . Among others, Cova and Salle [50] stressed the role played by stakeholders involved along the value creation network, underlining that "co-creation is carried out, in a many-to-many approach between a supplier and its network in interaction with a customer and its network".
One of the main advantages of co-creation activities performed with the involvement of a variety of stakeholders is the creation of long-term relationships [51] , which are fundamental in the definition of a sustainable PSS business model. Moreover, stakeholder collaboration is the base for the transition from a 'transactional-based offering' (e.g. productoriented) to a 'relational-based one' (e.g. result-oriented) [49] . In fact, a relationship-based approach requires the creation of exchanges and interactions of mutually bene cial value of all, the value chain actor [52] .
Even if in a co-creating process of value creation, the company is asked to work in cooperation with all the stakeholders, and not only the customers, an understanding of stakeholder involvement along the co-creation process has been neglected in literature [53] . Aim of this paper is to support companies while adopting the PSSLDM in ascertaining the best way to enhance customers' and stakeholders' involvement along the design process within a co-creation value perspective.
In the next paragraph, concrete guidelines are proposed.
IV. INVOLVING CUSTOMERS AND STAKEHOLDER ALONG
THE SERVICE ENGINEERING PROCESS High-level innovations are possible by working in collaboration with all the value chain actors. In this sense, it is necessary to introduce a systematic design approach able to enhance the 'value co-creation' design process.
Four key dimensions have been identified as fundamental to enhance the value-creation processes of service systems i) customers, ii) people, iii) information, and iv) technology [38] . To properly enhance stakeholder value co-creation within a PSS design, each of the key dimensions must be considered while implementing the different PSSLDM methods within a co-creation perspective.
• Customer: How customers can be involved along the process in terms of role (the customer co-creation roles are presented in Table I ) and how the methods can be used to enhance the value co-creation? • People: In the development of a value-creation process, several types of stakeholders can be involved in order include all the required knowledge in the process. Authors suggest that identifying stakeholder groups is a rst step to building relationships (e.g. [54] [55]). In this regard all the internal and external stakeholders have a specific role as knowledge owner to contribute different skills and knowledge that are vital to PSS.
In Table III , a list of the different stakeholders to be considered is reported.
Customer Role Description Type of Co-creation

Customer as Co-ideator
Customers and their social communities on the web can submit ideas to the producer. Even if only few of those ideas submitted to the producer have business potential, these generally have a great possibility to be accepted by the market.
Joint Production Process
Customer as Co-designer Co-design is mostly referred to as the customization of a specific product or service with the help of customers, in this way the customer can create the solution he/she really needs.
Customer as Co-innovator
Customer as co-innovator can help the producer in the development of offerings (new product and service, processes and idea) providing new ideas and concepts.
Customer as Co-producer / Co-developer "Customer participation in production and the delivery of services within the boundaries defined by the organization".
The customers are actively involved both during the development and the delivery to support companies in creating a value proposition that really fits with their needs. In this sense, the customer should be involved from the solution conceptualization to the service development.
Customer as Co-evaluator
Ideas once submitted through the co-ideation process go through an evaluation process to estimate their business potential for judging their value potential. Evaluations must first of all be performed by a closed management circle and later customers can be also involved along the process.
Customer as Co-tester
Customers as co-testers are involved at the end of the engineering process in the testing of new offerings almost ready to be launched in the markets. • Information: Ballantyne and Varey [37] suggest that knowledge sharing and dialogue between parties are essential in a value co-creation process. To support the value co-creation process Spohrer et al. [56] identify three ways that can be adopted to share information along a value chain network: i) language, ii) laws, and iii) measures.
Joint
• Technology: technology nowadays is pervasive in all products, processes and services [57] . Technology facilitates the co-creation process supporting the collection and share of information and knowledge. To reach a high degree of co-creation a collaborative platform where an organization can create value with partners is needed.
The following Table IV has been created to support companies in designing proper PSS in a collaborative way by properly involving all their stakeholders without increasing the complexity. Table IV has the aim to provide suggestions on who should be involved and how along the design process. For this reason a cross analysis of each phase of the PSSLDM (presented in Table I ) and the main key service system dimensions previously described has been done. This intersection of the PSSLDM methods and the dimensions yearn to support companies to better understand how to carry out collaborative co-creation in the design process. In addition to the tools reported in the technology column, the PSSLDM methodology enhances its collaboration aspects by means of the DIVERSTIY platform.
The information reported in the intersection is based on the PSS engineering theories in terms of methods and tools (summarized in [28] ) and on the experience obtained by the authors during the applications of the methodology in the three business cases involved in the DIVERSITY project consortium [57] .The main results are reported in Table IV  (see next page) .
Along the PSSLDM, the co-creation aspects are managed both in a push way along all the phases belonging to the "company area", since it is evident that companies try to identify a specific active role for customers to jointly create value (Joint Production Process). While in a pull way along all the phases connected to the "Customer area" where the company is willing to create Joint Customer's Value Creation in order to deeply understand the real customer experience.
Internal and external stakeholders are needed along all the process, and to allow a better share of information, different language should be used. The involvement of frontline actors emerges as relevant to allow companies to co-create achievable value. Front-line employees play an important role in the identification and implementation of new and innovative services [38] . The involvement of the internal and external frontline actors has the scope to support the company in properly understand both the explicit and latent customer needs. In the last few years, due to the increased use of the social networks, lot of data can be made available and companies can use such data to identify new trends and understand the general sentiment of customers [28] . However, this data must be interpreted and transposed into their needs and this can be only done by people interacting daily with the customer whether they are internal or external actors working at the bottom of the value chain.
The co-production process performed by the actors involved in the network most of the time can be done only if there are common methods and technologies enhancing a good share of information and knowledge. This simplifies the interaction among the actors and with the customers and allows the definition of a common knowledge, which is the starting point for creating value from a network-based stakeholder perspective. In particular, identifying law and measure along the design process goes in this direction since it avoids misunderstandings or a poor knowledge management. Language is on the other side useful to really understand the customers and stakeholders' perspectives, but must be managed by proper methods in order to allow a systematization of such information.
V. CONCLUSIONS
Collaboration among all the stakeholders involved in the PSS value chain, and co-creation of the shared value with customers is the only way to create PSS able to provide value to the customer. For this reason, this paper exploits the concept of stakeholders' involvement along the PSS design process within a co-creation perspective. The identification of how stakeholders can be involved in the PSS design process to enhance value co-creation is an open issue in both design and marketing literature. Even if pure service literature has investigated this topic, its implication in the PSS research area, and on its design, has been neglected.
The PSS Lean Design Methodology aims to be an easy-touse set of method and methodologies supporting companies in designing PSS in a collaborative environment. For this reason, for each phase and method characterizing the methodology a deep investigation on how co-creation with the customers and stakeholders has reported in this paper. To reach a high degree of co-creation a collaborative platform where an organization can create value with partners is under development within the DIVERSITY project.
Further investigation is needed in order to deeply understand how stakeholders are really involved in each phase and which benefits their involvement can really bring, for this reason, a deep analysis will be carried out in heterogeneous case studies.
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